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BLADE TIP CLEARANCE CONTROL 

FIELD OF THE INVENTION 

5 The invention relates in general to turbine engines and, more particularly, to 

an engine assembly and an associated method for optimizing engine efficiency by 
reducing blade tip clearances. 

BACKGROUND OF THE INVENTION 

10 

Turbine engines commonly operate at efficiencies ranging from about 30% to 
about 40%. The operational efficiency is less than the theoretical maximum because 
of losses that occur in the flow path. One of the major flow path losses is due to the 
leakage of hot combustion gases across the tips of the turbine blades. In particular, 
IS the leakage occurs across a space between the tips of the rotating turbine blades 
and the surrounding stationary structure such as the ring segments. This spacing is 
often referred to as the blade tip clearance. 

Blade tip clearances cannot be eliminated because, during transient 
20 conditions such as during engine startup or part load operation, the rotating parts 
(blades, rotor, and discs) and stationary parts (outer casing, blade rings, and ring 
segments) thermally expand at different rates. As a result, blade tip clearances can 
actually decrease during engine startup until steady state operation is achieved at 
which point the clearances can increase, thereby reducing the efficiency of the 
25 engine. Thus, there Is a need for controlling blade tip clearances in order to 
maximize the efficiency of a turbine engine. 

SUMMARY OF THE INVENTION 

30 Thus, one object according to aspects of the present invention is to provide a 

method for actively controlling blade tip clearances. Another object according to 
aspects of the invention is to provide a turbine engine assembly configured to 
actively manage blade tip clearances under various operating conditions. Still 



another object according to aspects of the invention is to reduce blade tip clearances 
and the losses occurring over the blade tips at substantially steady state or full power 
operation of the turbine so as to improve engine performance. A further object 
according to aspects of the invention is to increase blade tip clearances during 
5 substantially transient engine operation such as at startup. These and other objects 
according to aspects of the present invention are addressed below. 

In one respect, aspects of the invention relate to a method for increasing the 
efficiency of a turbine engine by controlling blade tip clearances. The method 
10 includes operating a turbine engine under substantially steady state conditions, 

which can include base load operation of the turbine engine. The turbine engine has 
at least a compressor section and a turbine section. The turbine section includes a 
rotor with discs on which a plurality of blades are attached. 

15 Air exiting the compressor section at a compressor exit temperature is 

provided. In one embodiment, the compressor exit temperature can be about 450 
degrees Celsius. At least a portion of the air exiting the compressor section is routed 
to the rotor and discs of the turbine section without substantially reducing the 
temperature of the air portion from the compressor exit temperature as it is 

20 presented to the rotor and discs. As a result, blade clearances, defined between the 
tips of the blades and the neighboring ring segments, are minimized due to the 
thermal expansion of the rotor and discs. 

Aspects according to the invention relate to another method for increasing the 
25 efficiency of a turbine engine by controlling blade tip clearances. The method 

includes operating a turbine engine. The turbine engine has at least a compressor 
section and a turbine section. The turbine section includes a rotor with discs on 
which a plurality of blades are attached. Air exiting the compressor section at 
a compressor exit temperature is provided. The compressor exit temperature can 
30 be about 450 degrees Celsius. 
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When the turbine engine operates under substantially transient conditions, at 
least a first portion of air exiting the compressor section is substantially exclusively 
routed to a cooling path. Substantially steady state conditions can include base load 
operation of the turbine engine. The cooling path can include at least one heat 
5 exchanger. In the cooling path, the first portion of air is cooled to a cooling 

temperature that is less than the compressor exit temperature. The first portion of air 
substantially at the cooling temperature is supplied to the rotor and discs. The 
cooling temperature is less than the temperature of the rotor and discs. In one 
embodiment, the cooling temperature can be about 150 degrees Celsius. Thus, 
10 clearances between the tips of the blades and the neighboring stationary blade ring 
increase due to contraction of the rotor and discs. 

When the turbine engine operates under substantially steady state conditions, 
at least a second portion of the air exiting the compressor section is substantially 

IS exclusively routed to a bypass path. Substantially transient conditions can include 
part load operation of the turbine engine or they can include start up of the turbine 
engine. The temperature of the second portion of air exiting the bypass path is 
substantially unchanged from the compressor exit temperature. The second portion 
of air is supplied to the rotor and discs. The temperature of the second portion of air 

20 is greater than the cooling temperature. Thus, a clearance between the tips of the 
blades and the neighboring stationary blade ring decreases as a result of the thermal 
expansion of the rotor and discs in response to being exposed to the relatively higher 
temperature of the second portion of air. 

25 The previous steps can be repeated as necessary during engine operation so 

as to maintain adequate blade tip clearances. The first and second portions of 
compressor exit air can be substantially exclusively routed to one of the cooling path 
or the bypass path by a valve. 

30 In other respects, aspects of the invention can relate to a turbine engine 

assembly. The assembly includes a turbine engine having at least a compressor 
section and a turbine section. The turbine section includes a rotor with discs on 
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which a plurality of blades are attached. The assembly further includes a 
compressor exit air treatment circuit that receives at least portion of air exiting the 
compressor section and routes the at least portions of air to the turbine section for 
presentation to at least the rotor and discs. 

5 

The compressor exit air treatment circuit includes a valve, a bypass path and 
a cooling path. The valve is selectively operable between a first position and a 
second position. In the first position, at least a first portion of compressor exit air at a 
compressor exit temperature is routed substantially exclusively to the bypass path. 

10 In the second position, at least a second portion of compressor exit air at the 

compressor exit temperature is routed substantially exclusively to the cooling path. 
The valve can be selectively positioned in the first position when the turbine is 
operating substantially at base load. The valve can be selectively positioned in the 
second position when the turbine is operating under one of part load or engine 

15 startup conditions. 

The cooling path includes at least one heat exchanger. The temperature of 
the second portion of compressor exit air is cooled to a cooling temperature 
substantially less than the compressor exit temperature after passing through the 
20 cooling path. The cooling temperature can be about 150 degrees Celsius. The 

temperature of the first portion of compressor exit air is substantially unchanged from 
the compressor exit temperature through the bypass path. The compressor exit 
temperature can be about 450 degrees Celsius. 



4 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a schematic diagram of a turbine engine configured according to 
aspects of the present invention. 

FIG. 2 is a cross^sectional view, partly schematic, of a turbine engine 
configured according to aspects of the present invention. 



DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 



Aspects of the present invention generally relate to improving the efficiency of 
turbine engines. More particularly, aspects of the invention relate to the active 
5 management of blade tip clearances at various instances during the operation of a 
turbine engine. Aspects of the invention are described in connection with turbine 
engine assemblies and methods of operating such turbine engines. 

Embodiments according to aspects of the invention are shown in FIGS. 1-2, 
10 but the present invention is not limited to the illustrated structure or application. 
Further, the following detailed description is intended only as exemplary. 

Aspects of the invention can be applied to a variety of turbine engine systems. 
In basic form, a turbine engine 10 can generally include a compressor section 12, a 

15 combustor section 14 and a turbine section 16 (FIG. 1). Each of these sections can 
have a variety of components and configurations. As shown in FIG. 2, the turbine 
section 16 can include a rotor 18 with discs 20 on which a plurality of blades 
22a,22b,22c,22d (collectively referred to as 22) are attached. Surrounding these 
components are a variety of stationary support structures 24 such as an outer 

20 casing, blade rings and ring segments. The space between the tips 23 of the blades 
22 and the neighboring stationary support structure 24 is known as the blade tip 
clearance C. The blade tip clearance C is shown in FIG. 2 between the fourth row of 
blades 22d and the fourth blade ring 24d; similar clearances are present between the 
first 22a, second 22b and third 22c rows of blades and the adjacent stationary 

25 support structure 24. 

In basic operation, ambient air can enter the compressor section 12 where the 
air is compressed, resulting in an increase in the temperature of the air exiting the 
compressor section 1 2. For example, in one turbine engine, the temperature of the 
30 compressor exit air can be about 450 degrees Celsius. After leaving the compressor 
section 12, the compressor exit air 25 generally flows into the combustor shell 26, 
from which the air can be supplied to other areas of the turbine engine such has the 
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combustion section 14 and turbine section 16. It should be noted that air in the 
combustor shell 26 can sometimes be referred to as shell air, but, for purposes of 
this disclosure, it will be referred to as compressor exit air. Any difference in 
temperature between the air immediately exiting the compressor 12 and the air in the 
5 combustor shell 26 is negligible for purposes of this disclosure. 

A large portion of the compressor exit air 26 can be directed to the combustor 
section 14 of the engine 1 0. However, portions of the compressor exit air can also 
be diverted for use in other areas. For example, in some turbine engine designs, a 
10 portion of the compressor exit air 25 can be bled from the combustor shell 26 and 
used to cool at least the turbine rotor 18, discs 20, and blades 22 (FIG. 2). 

Aspects according to the present invention relate to a turbine engine 
assembly configured to allow greater flexibility and control in managing turbine blade 
tip clearances. In addition to having at least some of the attributes discussed above, 
a turbine engine assembly 10 according to aspects of the invention can further 
include a compressor exit air treatment circuit 50 including a valve 52, a bypass path 
54 and a cooling path 56. In one case, the valve 52 can be selectively operated 
between a first position in which a first portion of compressor exit air is routed 
substantially exclusively to the bypass path 54, and a second position in which a 
second portion of compressor exit air is routed substantially exclusively to the 
cooling path 56 and vice versa. Substantially exclusively routing means that a 
portion of compressor exit air is diverted to, for example, the bypass path 54 with 
little or no compressor exit air entering the cooling path 56. The terms first portion 
and second portion are used in connection with a portion of air exiting the 
compressor to facilitate discussion and are not intended to limit the scope of the 
invention or to necessarily specify any order. 

In one embodiment, the valve 52 can be selectively positioned in the first 
30 position when the turbine engine 10 is operating under substantially steady state 
conditions including when the engine is operating at or substantially near base load. 
Substantially steady state conditions can encompass those situations in which 

7 



thermal expansion of the components that establish the blade tip clearance C, such 
as the blades 22 and the blade ring, has substantially stabilized or those situations in 
which at least the stationary components 24 have expanded to their steady state 
shapes. The valve 52 can be selectively positioned in the second position, for 
5 example, when the turbine engine 10 is operating under transient conditions such as 
during part load, engine startup or othenA^ise in instances in which thermal expansion 
of the components that define the blade tip clearance, such as the blades 22 and the 
blade ring, has not substantially stabilized. 

10 The valve 52 can be switched from the first position to the second position 

manually or by an engine controller. An engine controller can selectively switch the 
valve based on monitoring input as to the operating condition of the turbine engine. 

The cooling path 56 can cool the temperature of at least a first portion of 
15 compressor exit air to a cooling temperature. In other words, the temperature of the 
first portion of compressor exit air can be lower when it exits the cooling path 56 
compared to when it entered the cooling path 56. For example, the temperature of 
the first portion of compressor exit air entering the cooling path can be about 450 
degrees Celsius, but, after passing through the cooling path 56, the temperature of 
20 the first portion of compressor exit air can be about 1 50 degrees Celsius. The 

cooling path 56 can include one or more heat exchangers 58 to cool the first portion 
of compressor exit air before it is supplied to the rotor 18 and discs 20. The heat 
exchanger 58 can be external to the turbine engine 10 itself. 

25 The bypass path 54 can be constructed as a duct that extracts at least a 

second portion of compressor exit air out of the combustor shell 26 and routes the 
compressor exit air portion to the rotor 18 and discs 20 of the turbine section 16. 
While traveling through the bypass path 54, the temperature of the second portion of 
compressor exit air is substantially unchanged. That is, there is minimal or no 

30 variation in the temperature of the portion of compressor exit air as it is taken from 
the combustor shell 26 and the temperature of the portion of compressor exit air as it 
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exits the bypass path 54. In one embodiment, the temperature of the compressor 
exit air remains at about 450 degrees Celsius through the bypass path. 

A turbine engine 10, configured as described above or otherwise, can be used 
5 in methods according to aspects of the invention so as to improve the efficiency of a 
turbine engine 10 by controlling blade tip clearances C. The methods described are 
merely examples as not every step described need occur and, similarly, the steps 
described are not limited to being performed in the sequence described. 

10 In one method, a turbine engine 10 can be operated under substantially 

steady state conditions. Substantially steady state conditions can include, for 
example, base load operation as well as part load operation in which most of the 
stationary components of the engine have thermally expanded to their steady state 
shapes. Once the engine is operating at steady state conditions, at least a portion of 

15 the air exiting the compressor section can be routed to the rotor and discs of the 
turbine section. During such routing, the temperature of the compressor exit air is 
not substantially reduced in comparison to the temperature of the air as it exits the 
compressor, such as about 450 degrees Celsius. As a result of the exposure to the 
higher temperature air, the blade clearances decrease due to the thermal expansion 

20 of the rotor and discs. 

Another method according to aspects of the invention is described below. 
Under such a method, at least a portion of compressor exit air can be treated 
depending on the operating conditions of the engine. For example, when the turbine 
25 engine operates under substantially transient conditions, a first portion of air exiting 
the compressor section can be substantially exclusively routed to a cooling path. 
The cooling path includes at least one heat exchanger. 

In the cooling path, the first portion of compressor exit air, which can be about 
30 450 degrees Celsius, can be cooled to a cooling temperature, such as about 150 
degrees Celsius, before the first portion of air is supplied to the rotor and discs. The 
cooling temperature is less than the temperature of the rotor and discs; 
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consequently, the rotor and discs will contract due to exposure to the cooler air. 
Thus, during engine startup or during part load operation or other substantially 
transient conditions, relatively large blade clearances are maintained between the 
tips of the blades and the neighboring stationary ring segments so as to prevent tip 
5 rubbing. 

When the turbine engine operation reaches substantially steady state 
conditions, at least a second portion of the air exiting the compressor section can be 
substantially exclusively routed to a bypass path before being supplied to the rotor 

10 and discs of the turbine section. The temperature of the second portion of air is 

substantially unchanged as it passes through the bypass portion. In other words, the 
cooling path can be bypassed so that the rotor and discs can be exposed to the full 
temperature, about 450 degrees Celsius, of the compressor exit air. Therefore, upon 
exposure to the second portion of compressor exit air, the rotor and discs tend to 

15 thermally expand, reducing the blade tip clearances. Preferably, the blade tip 
clearances are reduced so as to be as minimal as possible, but generally not less 
than about 1 .0 millimeter. The efficiency of the engine will increase because with 
less leakage occurs across the blade tips. 

20 The compressor exit air portion routed through the bypass circuit to the rotor 

and discs may vary to some degree from the precise temperature at the compressor 
exit due to ambient conditions in the routing from the compressor section to the 
turbine section. However, the variations are not substantial, and reference to the 
temperature of compressor exit air portion routed through the bypass circuit being 

25 unchanged relative to the compressor exit temperature is intended to connote that 
this compressor exit air portion is not treated by heat exchangers or other intended 
temperature adjusting equipment. 

It should be noted that, when presented to the rotor 18 and discs 20, the 
30 temperature of the air supplied to rotor 18 and discs 20, whether it is at the cooling 
temperature or substantially at the compressor exit temperature, is less than the 
metal temperature of the rotor 1 8 and discs 20. Thus, the compressor exit air, 
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regardless of how it is treated according to aspects of the invention, acts as a heat 
sink to cool the rotor 18 and discs 20. Nevertheless, as will be explained below, 
thermal expansion of the rotor 18 and discs 20 occurs when the compressor exit air 
from the bypass path 54 is supplied to the rotor 18 and discs 20. 

5 

The temperature of the rotor 18, discs 20 and blades 22 is naturally 
dependent on the environment in which these components operate. For example, 
the temperature of each of these components is affected by the temperature of the 
combustion gases passing through the turbine section 16 of the engine 10. The 

10 temperature of the combustion gases can be, for example, from about 1000 degrees 
Fahrenheit to about 2800 degrees Fahrenheit. While the combustion gas flow 
directly contacts the blades 22, the heat from combustion gases can flow into the 
area around the rotor 18 and discs 20, thereby affecting the temperature of the rotor 
18 and discs 20. Exposure to these superheated gases would normally cause the 

15 discs 18 and rotor 20 to thermally expand from their ambient state. 

However, the tendency to thermally expand is counteracted by the air 
supplied to the rotor 18 and discs 20 according to aspects of the invention. From 
engine startup until substantially steady state conditions are achieved, air at the 
20 cooling temperature, about 150 degrees Celsius, is supplied to the rotor 18 and discs 
20. After prolonged exposure to these competing temperatures, the rotor 18 and 
discs 20 will eventually reach an equilibrium temperature, which will be somewhere 
between the cooling temperature and the temperature of the combustion gases. 

25 This state of thermal equilibrium is disturbed when the engine 10 reaches 

substantially steady state conditions, for, at that point, the compressor exit air 25 is 
substantially exclusively routed to the bypass path 54. Thus, the temperature of the 
air supplied to the rotor 18 and discs 20 increases to, for example, about 450 
degrees Celsius. Further, at base load, the temperature of the combustion gases 

30 flowing through the turbine section 16 can increase as well. In light of these 
temperature increases, the equilibrium temperature of the rotor 18 and discs 20 
shifts to a higher temperature. As a result of the increase in their equilibrium 
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temperatures, the rotor 18, discs 20 and blades 22 will thermally expand. Thus, 
thermal expansion is the response to at least the hotter supply air from the bypass 
path 54. During unloading, the compressor exit air can be routed through the cooling 
path 56 to contract the rotor 18 and discs 20 and reopen the blade tip clearances C. 

The steps described above can be repeated as necessary during engine 
operation so that adequate transient blade tip clearances C can be maintained. 
Further, the first and second portions of compressor exit air can be substantially 
exclusively routed to one of the cooling path 56 or the bypass path 54 by a valve 52. 

It will of course be understood that the invention is not limited to the specific 
details described herein, which are given by way of example only, and that various 
modifications and alterations are possible within the scope of the invention as 
defined in the following claims. 
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